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In terms of the growth of radish and tef seedlings, 
differences in soil properties identified in a previous 
pedological study are quantified on a number of levels or 
scales . Faster growth was generally obtained with plants 
grown in soil from microphyllous thorn savanna than from 
broad·leaf savanna. Similarly, faster growth was recorded for 
plants grown in soil from under-tree subhabitats than from 
inter-tree subhabitats. The concentrations of 16 mineral 
elements in the plant tissue are presented. It is not known 
whether the differences reported are due solely to differences 
in their availability or concentration in the soil. 
S. Afr. J. Bal. 1982, 1: 91 - 96 
Verskille in grondeienskappe wat in 'n vorige pedologiese 
ondersoek ge'ldentifiseer is , word op 'n aantal vlakke of skale 
in terme van die groei van radys- en tefsaailinge 
gekwanlifi·seer. Die plante wat in grond van die mikrofilliese 
doringsavanne gekweek is, het gewoonlik vinniger gegroei as 
die wat in grond van die breeblaarsavanne gekweek is. Die 
plante wat in grond gekweek is wat van onderboom-
subhabitatte afkomstig was, het eweneens vinniger gegroei 
as die wat in grond gekweek is wat van tussenboom-
subhabitatte afkomstig was. Die konsentrasie van 16 
mineraalelemente in die plantmateriaal word verstrek. Dit is 
nie bekend of die waargenome verskille die gevolg van 
verski lle in hul beskikbaarheid of konsentrasie in die grond is 
nie. 
S.-Afr. Tydskr. Planlk .. 1982, 1: 91 - 96 
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Introduction 
The vegetation of the Savanna Ecosystem Project study 
area (Anon . 1978) at Nylsvley, Northern Transvaal, 
comprises a mosaic of various broad-leaf communities with 
local patches of Acacia spp. leptophyllous thorn savanna 
on sites believed to be long-abandoned African villages 
(H untley & Morris 1978) although these patches may be 
lithologically or geomorphologically determined. The 
dominant broad-leaf community is Eragrostis pal/ens -
Burkea africana tree savanna on sand (Coetzee el at. 1977) 
with B. africana Hook., Ochna pu/chra Hook. and 
Terminalia sericea Burch. the dominant trees and E. pal/ens 
Hack., Setaria perennis Hack. and Digitaria eriantha 
Steud. the dominant grasses. The small, clearly distinct 
patches of thorn savanna are differentiated by Eragrostis 
lehmanniana Nees, the only dominant grass, and So/anum 
de/agoense Dun. and Crota/aria pisocarpa Welw. Trees in 
the latter community include Acacia ni/otica Del., A. 
torti/is Hayne and Dichrostachys cinerea Wight & Am. The 
boundaries of the two savanna types appear to be fairly 
static from analysis of aerial photographs taken over the 
past 40 years. It is generally considered that pedological 
factors are responsible for at least the maintenance, if not 
the origin as well, of these marked differences in plant 
communities and one of the aims of the present 
investigation was to quantify these differences with 
bioassay techniques. 
The soils of the broad-leaf and thorn savannas are of 
the same form (Hutton) although differences at the series 
level are found within both savannas. Data for four soil 
profiles from typical broad-leaf savanna and four from 
thorn savanna are included by Harmse (1977). Results of 
his physical and chemical analyses of horizon BZl (the only 
horizon represented in all eight profiles) are summarized 
in Table I. It is clear that there is more coarse sand and 
less fine sand in soils of the thorn savanna. Otherwise, there 
is little difference in particle size distribution. Larger 
quantities of Ca, Mg, K and Na (as total exchangeable 
cations) are found in thorn savanna soils although the 
difference is often small and probably not statistically 
significant. The S-value and cation exchange capacity are 
much higher in thorn savanna soils while pH in water is 
less acid in thorn savanna soils. With regard to nutrients, 
there is more N and much more P, K, Mg and Ca in thorn 
savanna soils while the same amount of Na is found in soils 
carrying both vegetation types. Data for horizons AI, Al2 
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Table 1 Soil analytical data for horizon B21 of Hutton form soils in the Nylsvley Nature Reserve (from Harmse 
1977) 
Particle size distribution ("70) Total exchangeable cations (me/ IOOg) Mineral element 
Total 
Series coarse medium fine 
name sand sand sand sill clay Ca Mg 
Burkea africana- Term in alia sericea savanna 
Middelburg 7,4 41 ,8 31,7 9,4 10,3 0,15 0,05 
Kyalami 18,9 35,3 36 ,3 3,0 6,5 0,25 0,04 
Chester 16,8 34,2 41,5 2,0 5,5 0,25 0,04 
Bontberg 22,4 30,8 38,3 2,0 7,0 0,20 0,04 
Means 16,4 35,5 37,0 4,1 7,3 0,21 0,04 
A cacia spp. thorn sa vanna 
Port smouth 19,8 34,3 35,9 4 ,0 6,0 1,30 0,40 
Port smouth 23,2 38,3 29,5 3,0 6,0 0,85 0,17 
Bontberg 16,6 40,3 25 ,6 10, 1 12,4 0,40 0,34 
Portsmouth 26,1 28,6 33,3 5,0 7,0 0,85 0,25 
Means 21,4 35,4 31, I 5 ,5 7,9 0,85 0,29 
and B22, given by Harmse (1977) for subsets of these 
profiles, show similar trends. Thus, although pedological 
factors have been proposed as being responsible for the 
occurrence and maintenance of thorn savanna patches 
within broad-leaf savanna, these relatively small differences 
in physical and chemical properties, where the ranges of 
values often overlap, appear insufficient to account for the 
completely different vegetation types supported. 
In a vegetation pattern analysis study, Whittaker et al. 
(1982) reported that soil nutrient availability was probably 
one of two major explanations for the patterns found at 
Nylsvley, namely a first axis of pattern differentiation from 
shaded to open microsites and second with soil nutrient 
states along a catena of apparent primary importance. The 
other explanation was related to differences between tree-
covered and open subhabitats, themselves resulting in dif-
ferential nutrient accumulation and, possibly, utilization. 
To investigate further the findings of Whittaker et al. a 
two-way comparison of soils from under selected domi-
nant tree species and the un canopied intervening areas at 
the upper and lower ends of the catena in broad-leaf savan-
na was undertaken in this study. 
The' aims of the experiments reported below were to 
quantify, in terms of the growth of experimental plants, 
differences in soil properties on a number of levels or 
scales. At the broadest level, difference between soils of 
the broad-leaf savanna on the one hand, and thorn savanna 
patches within it on the other, were investigated. Within 
the broad-leaf savanna itself, three problems at a more 
detailed scale were studied. These were, firstly, the dif-
ferences in nutritional status between under-tree and un-
canopied subhabitats, secondly, the differences between 
the nutrient status of soils beneath Burkea africana and 
Term in alia sericea, two dominant tree species and, third-
ly, the catenary differences found at the ends of a transect 
starting near a valley bottom and running up-slope for a 
distance of 1025 m. The transect was the principal transect 
of Whittaker et al. (1982). 
Methods 
Soil was obtained from Nylsvley, site of the South African 
Savanna Ecosystem Project, north of Pretoria. Details of 
climate, geology, soils and vegetation are given in Huntley 
pH pH depth 
K Na S val. CEC H2O KCI "!oN P K Mg Ca Na (cm) 
0,04 0,04 0,28 2,6 4,8 4,2 0,025 . 13 15 6 30 9 > 130 
0,03 0,05 0,37 2,2 4,9 4 ,0 0,040 4 10 50 22 > 140 
0,06 0,07 0,42 2,1 4,9 4,0 0,024 2 5 50 17 > 56 
0,04 0,08 0,36 2,3 4,9 4,0 0,042 4 15 40 18 > 75 
0,04 0,06 0,41 2 ,3 4,9 4,1 0,033 6 II 43 17 
0,29 0,07 2,06 2,9 6,7 5,6 0,043 42 115 49 260 17 > 63 
0,09 0,06 1,17 1,8 6,0 4,9 0,042 18 35 21 170 14 > 145 
0,05 0,09 0,88 2,7 5,2 4,2 0,047 2 20 41 80 21 > 120 
0,09 0,05 1,24 2,8 5,6 4,8 0,041 10 35 30 170 II > 90 
0, 13 0,07 1,34 2,6 5,9 3,9 0,043 18 51 35 17O 16 
& Morris (1978). Soil was collected from the topmost 5-cm 
layer after litter and organic matter had been scraped off. 
It was sieved through a 2,0-mm mesh and used to fill 
140 mm diameter plastic garden pots. The soil was brought 
to and maintained at field capacity by the addition of 
distilled water at one- or two-day intervals, depending on 
the speed with which the surface layer dried out. Ten 
replicates (pots) of each soil type were used and the pots 
were arranged in a randomized block design in a 
shadehouse in Pretoria. 
On harvest dates, starting one or two weeks after plan-
ting and continuing for four to six harvests at one- or two-
week intervals, 10 to 22 seedlings from each soil type were 
selected at random, removed from the pots, washed 
carefully in distilled water and dried to constant mass at 
a temperature of 70°C. Experimental plants were Cherry 
Belle radish (Raphanus sativus L.), planted 10 per pot, and 
tef (Eragrostis tef (Zucc.) Trotter), about 100 per pot. 
Three trials were carried out using radish and one with tef. 
For the first radish trial soil was obtained from an open 
site in thorn savanna covered by Eragrostis lehmanniana 
(soil A) and an open site in broad-leaf savanna covered 
by Eragrostis pallens and Digitaria eriantha (B). Four soils 
were used in the second radish trial. Soil was obtained from 
sites adjacent to those used for the first trial (AO and BO, 
respectively) and also from under the canopy of an Acacia 
tortilis in thorn savanna (AU) and under the canopy of 
a Burkea africana (BU) in broad-leaf savanna. The same 
soils were used for the last two trials (one using radish and 
one tef). Within a thorn savanna patch, soil was collected 
from under an Acacia tortilis (A A) and in open areas 
covered with Cenchrus ciliaris L. (AC) and Eragrostis 
lehmanniana (AE). Six soil samples were collected from 
broad-leaf savanna, three each from each end of the prin-
cipal transect of Whittaker et al. (1982). At the lower end 
of the catena sampled by Whittaker et al. where it ap-
proached but did not reach the bottomland situation, soil 
was collected from under Term in alia sericea (BT), under 
Burkea africana (BB) and from an open area dominated 
by Setaria perennis (BO). At the upland end of the transect 
three corresponding soil samples were collected (TT, TB 
and TO, respectively). 
In addition to the measurement of mean dry mass per 
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soil type at each harvest date, 1CP spectrographic analyses 
for the determination of selected nutrient concentrations 
in the plant tissue of final harvests were carried out by the 
New York State College of Agriculture and Life Sciences 
using standard preparation and analytical techniques. 
Results are means of three or five replicate subsamples. 
Although nitrogen is clearly a very important nutrient in 
savanna (Bate 1981), facilities for its determination in plant 
tissue were unfortunately not available to us. Although the 
regression equations of Hunt (1978) were applied to these 
data it was found that a clearer picture of differences could 
be obtained by plotting mean mass (log scale) against time 
and joining the data points with straight lines than by draw-
ing the fitted regression lines. 
Results 
A plot of mean mass (n = 10) against time since planting 
for the first radish trial is given in Figure 1 and nutrient 
concentrations in material from the last harvest are given 
in Table 2. Although statistical variance is not plotted, 
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Figure 1 Plot of mean mass (log scale) against time for radish seedlings 
growing in soil from thorn savanna (A) and broad-leaf savanna (B). 
93 
standard errors of the mean were generally between 4 and 
8070 of mean values. Growth was clearly more rapid in soil 
from thorn savanna. Concentrations of K, P, Ca, Fe and 
B are noticeably higher in plant tissue from thorn savan-
na soil than from broad-leaf savanna soil at the end of the 
trial , while Mn, Cu, Zn, AI, Na, Co and Ni show the op-
posite trend. 
A plot of mean mass (n = 20) against time since plan-
ting for the second radish trial is given in Figure 2 (stan-
dard error of the mean varied between 4,1 and 8,0% of 
the mean) and nutrient concentrations in material from the 
last harvest are given in Table 2. Radishes in soil from both 
under-tree and open subhabitats in thorn savanna grew 
faster than those in soil from broad-leaf savanna with the 
100 
50 
9 40 c 
~ 
(f) 
(f) 
<[ 
:2 30 
20 
10 
Figure 2 
6/6/79 15/6/79 25/6/79 
DATE 
5/7/79 
AU 
I 
16/7/79 
Plot of mean mass (log scale) against time for radish seedlings 
growing in thorn savanna under Acacia lorlilis (AU) and in the open (AO) 
and in broad-leaf savanna under Burkea africana (BU) and in the open 
(BO). 
Table 2 Mineral element concentrations in radish tissue from the first and second trials 
070 ppm 
Soil codes K P Ca Mg Mn Fe Cu B Zn Mo Al Na Co Cd Cr Ni 
First radish 
trial 
A 4,33 0,495 2,00 0,495 153 416 9,1 64,2 84 2,99 794 165 2,48 0,590 4,44 2,82 
B 1,79 0,356 0,96 0,486 202 361 16,0 29,8 126 2,75 2363 792 6,98 0,677 4,68 9,18 
Second radish 
trial 
BO 2,46 0,209 1,24 0,476 128 277 5,49 22,5 153 1,21 857 2693 1,54 0,464 3,21 2,53 
BU 2,99 0,180 1,40 0,528 132 353 6,72 32,3 134 1,33 1061 2338 2,12 0,652 3,64 2,43 
AO 2,57 0,449 1,51 0,402 35 268 5,71 25,8 109 1,56 953 2159 1,24 0,476 3,17 1,36 
AU 2,63 0,445 1,66 0,319 36 286 5,88 30,6 95 1,70 977 1287 1,33 0,499 2,95 1,74 
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under-tree subhabitat producing the greatest growth in 
both cases. Highest concentrations of Mg, Mn, Zn, Na, 
Co, Cr and Ni were found in tissue of plants from broad-
leaf savanna soils. K, Fe, Cu, Al and Cd were most concen-
trated in tissue from BU soil. P, Ca and Mo were most 
highly concentrated in tissue from thorn savanna soils. 
Nutrients, including Fe, B, Mo, Co and Cd, were found 
in greater concentrations in tissues from soil under a tree 
canopy than in the open. Only Na had a higher concen-
tration in the open subhabitat than the covered subhabitat. 
A plot of mean mass (n = 20) against time since plan-
ting for the third radish trial is given in Figure 3 (standard 
error of the means as a percentage of mean varied from 
7,1 (BT) to 18,5 (AE» and nutrient concentrations in 
material from the final harvest are given in Table 3. Fastest 
and greatest growth was recorded by radishes growing in 
soil from under Acacia torti/is in thorn savanna (AA). The 
soils from the open subhabitats of thorn savanna (AC and 
AE) as well as those from the open subhabitat in broad-
leaf savanna at the upper end of the catena (TO) also sup-
ported good growth. Poorest growth was shown by 
radishes in soils from the open subhabitat and from under 
B. africana at the bottom end of the catena (BO and BB). 
Nutrients with generally higher concentrations in tissue 
from thorn savanna soils include P, Ca, Zn, Mo, Cr and 
Ni. At the top of the catena in broad-leaf savanna Fe and 
AI are found in higher concentration in plant tissue than 
most other subhabitats. Nutrient concentrations in tissue 
from BO, the subhabitat with least growth, were general-
ly lowest of any subhabitat. In thorn savanna, based on 
tissue nutrient analyses (Table 3), concentrations of Ca, 
B, Zn and Na are higher under the tree canopy than out-
side it while K, P, Mn, Fe, Cu, Mo and Al have the op-
posite trend. At the upper end of the catena in broad-leaf 
savanna K, P, Cu, Mo and Na have higher concentrations 
in tissue of plants from soil from the open subhabitat while 
Ca, Mn, Zn, Al and Co show the opposite trend. At the 
bottom end of the catena concentrations of nutrients in 
plant tissue from soil from the open subhabitat were nearly 
always lower than those of plants grown in under-tree soil 
samples. 
A plot of mean mass (n = 22) against time since plan-
ting for the tef trial is given in Figure 4 (standard error 
of the mean as a percentage of the mean varied from 5,5 
S.-Afr. Tydskr. Plantk. , 1982, 1(4) 
to 9,1070) and nutrient concentrations in material from the 
final harvest are given in Table 4. Fastest and greatest 
growth was recorded in tef from soil from under Acacia 
tortilis in thorn savanna (AA). Other relatively high growth 
rates were achieved by AC, BT and TO samples . Slowest 
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Figure 3 Plot of mean mass (log scale) against time for the third radish 
trial. Soil codes are explained in the text. 
Table 3 Mineral element concentrations in rad ish tissue from the third trial. See methods for key to soil 
codes 
070 ppm 
Soil codes K P Ca Mn Fe Cu B Zn Mo Al Na Co Cd Cr Ni 
AA 1,39 0,443 2,98 44,8 151 4,71 82,0 126,0 2,38 200 128,0 1,50 0,433 5,86 3,87 
AE 2,46 0,683 2,75 69,5 259 4,90 46,7 96,1 5,86 388 41,1 1,71 0,502 4,97 3,13 
AC 2,39 0,631 2,67 59,3 190 5,35 66,9 95,4 3,70 274 59 ,0 1,49 0,407 5,64 3,86 
TO 3,14 0,273 0,88 54,6 234 5,55 52,7 43,8 2,13 403 78,6 1,28 0,397 3,03 1,94 
TB 2,44 0, 161 1,49 164,0 216 5,04 57,7 67,5 0,86 442 60,5 1,63 0,462 3,02 1,98 
TT 2,67 0,145 1,80 88,5 226 4,45 54,4 60,1 1,08 430 56,8 1,35 0,384 2,79 1,80 
BO 1,44 0,085 1,22 68,2 163 3,28 17,3 56,0 0,77 421 118,0 0,97 0,306 1,99 1,50 
BB 2,55 0,147 1,82 169,0 203 5,08 56,7 96,3 1,15 458 117,0 1,62 0,460 4,35 3,46 
BT 2,78 0,177 2,31 90,6 207 5,02 48,6 70,2 I , ll 384 68,4 1,48 0,432 3,02 2,44 
S. Afr. J . Bot., 1982 , 1(4) 
and least growth were observed in BO, TT, TB, BB and 
AE samples. In the tef plant tissue samples from thorn 
savanna, Ca, Mg, Fe, Cr, B, Na and Co have higher con-
centrations in soil from under Acacia tortilis than in soil 
from the open subhabitats while K and Mo showed the 
-rn 
E 
-
Cf) 
Cf) 
<t 
~ 
20,0 
10 ,0 
9D 
8,0 
7,0 
6,0 
5,0 
4,0 
3,0 
2D 
1,0 
0,9 
0,8 
0,7 
/ 
95 
reverse trend. At the higher end of the catena in broad-
leaf savanna, P , Cu, Zn and Ni have higher concentrations 
in plant tissues fro m soils fro m the open subhabitats than 
under-tree subhabitats while Mn showed the opposite trend 
(tissue from the open subhabitat at the lower end of the 
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Figure 4 Plot of mean mass (log scale) against time for the tef trial. Soi l codes are expla ined in the text. 
Table 4 Mineral element concentrations in tissue from tef trial. See methods for key to soil codes 
% ppm 
Soi l codes K p Ca Mg Mn Fe Cu B Zn Mo AI Na Co Cd Cr Ni 
AA 0,510 0,341 I ,43 0,367 58,0 158,0 4,50 6, 70 86,5 1,34 279 383 1,42 0,367 10,40 3,44 
AE 0,787 0,255 0,202 0,099 34,3 94,0 0,20 77,5 I ,53 214 179 0,82 0,341 8,40 2,32 
AC 1,600 0,574 0,461 0,230 Ill ,0 146,0 1,29 3, II 89,7 I ,63 317 209 1,21 0,396 13,90 3,96 
TO 1,660 0,244 0,129 0,233 83,8 228,0 26,80 4,86 319,0 1,79 665 197 1,70 0,716 7,76 13 ,40 
TB 0,807 0,077 0,093 0,123 175,0 88,8 1,66 2,17 55,9 0,76 232 11 7 0,76 0,366 7,44 2,33 
TT 1,660 0,130 0,266 0,213 22 1,0 280,0 2,89 6,48 110,0 1,40 767 221 1,61 0,598 25,00 5,28 
BB 0,716 0,061 0,093 0,108 175 ,0 140,0 0,35 2,33 57,3 0,98 239 18 1 1,09 0,368 19,00 2,78 
BT I ,5 10 0, 137 0,249 0,218 15 1,0 154,0 2,91 4,12 82,9 0,69 392 114 1,2 1 0,414 13,60 6,95 
• no result available 
96 
catena in broad-leaf savanna was not analysed) . Nutrient 
concentrations in tissue of plants from soil under Burkea 
africana were lower than those from soil under Terminalia 
sericea except in the case of Mn, Mo, Na and Cr, where 
the opposite held. 
Discussion 
The aim of this small project was to investigate soil dif-
ferences that were thought to exist but which were difficult, 
if not impossible, to measure by standard soil analytical 
techniques. Bioassay as used here clearly illustrated the dif-
ferences in potential for plant growth between thorn savan-
na and broad-leaf savanna at Nylsvley (Figures I & 2). Fur-
thermore, with two completely different experimental 
plants (one a monocotyledon and the other a dicotyledon) 
almost identical ran kings of growth potential in soils from 
each savanna type were found (Figures 3 & 4). Generally, 
growth in thorn savanna soils was better than in broad-
leaf savanna soils and growth in soil from under a tree 
species was better than that from soil of adjacent open 
subhabitats. 
Interpretation of the tissue nutrient status results is not 
easy because the uptake of ions by plants is not a passive 
process which takes place in direct proportion to the con-
centration of ions in the soil solution . From the results, 
though, we may assume that there are differences in soil 
nutrient availability, if not in absolute amount, between 
the soil types used. Of the major nutrients, it is only Ca 
which has a clearly greater concentration in all plant tissues 
from soil from under thorn savanna trees than from under 
broad-leaf savanna trees, a difference measured in the soil 
itself (Table 1) . Evidence, additional to that of Kellman 
(1979), and others, for the concentration or greater 
availability of nutrients under trees, and the deciduous, 
broad-leaf trees in particular, is provided by this study. 
Nutrients which appear to be concentrated or available to 
plants in greater quantities under B. ajricana and T. sericea 
include Ca, Mg , Mn, Fe, Zn and AI. When the upper end 
of the catena in broad-leaf savanna is compared with the 
lower end the generally greater concentrations (or 
availability) of Zn, Ca, Na and Ni (and possibly P, Fe, 
S.-Afr. Tydskr. Plantk., 1982, 1(4) 
Mo, Co , Cr and AI, as well) at the lower end can be seen 
in most, if not all, of the tissue sampled . The leaching of 
nutrients from upland sites and their deposition lower in 
the catena was identified by Whittaker et a/. (1982) as a 
possible means to explain the pattern of vegetation occur-
rence that they described. Apart from measures of soil Ca, 
they were not able to correlate any soil nutrient levels with 
positions on the catena. This study contributes to the 
elucidation of this question although it could not address 
the problem of separating nutrient availability to plants 
in soil from the absolute amount of nutrient present in soil. 
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